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(57) ABSTRACT

A method for preparing a thermally stable well servicing fluid
in the form of an oil-in-water (O/W) macroemulsion, a water-
in-oil (W/O) macroemulsion or a water-in-oil (W/O) micro-
emulsion at the well drilling location is provided. The servic-
ing fluid is prepared by mixing a hydrocarbon phase, a water
phase and a surfactant phase to obtain either an O/W macro-
emulsion, a W/O macroemulsion or a W/O microemulsion.
The surfactant phase comprises a first surfactant and/or a
second surfactant. The first surfactant comprises a fatty acid
mixture and a hygroscopic first additive. The second surfac-
tant comprises a C4-C6 alcohol. Whether or not an O/W
macroemulsion, W/O macroemulsion or a W/O microemul-
sion is produced is determined by the concentration of the
phases, the first surfactant, the second surfactant and the
timing upon which the first additive, water phase and second
surfactant are introduced to the mixture.
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1
PROCESS FOR PREPARING THERMALLY
STABLE OIL-IN-WATER AND WATER-IN-OIL
EMULSIONS

BACKGROUND OF THE INVENTION

The invention relates to well servicing fluids such as drill-
ing mud, workover fluid, rehabilitation fluid, completion
fluid, perforation fluid and the like, and to the on location
preparation of thermally stable well servicing fluids, more
specifically oil-in-water (O/W) macroemulsions, water-in-oil
(W/O) macroemulsions and water-in-oil (W/O) microemul-
sions.

Various well-related activities such as drilling, completion,
perforation, rehabilitation and the like involve the use of well
servicing fluids for resolving typical problems related to the
well including control of formation pressure, circulation of
the cuttings out of the well, lubrication of the well equipment,
and the like.

Problems frequently encountered include well servicing
fluid stability at high temperatures and in the presence of salt
typically encountered in downhole environments, formation
damage that can be caused by loss of solids from the fluid into
the formation, as well as the high cost and lower efficiency
associated with the formation, storage and transport of O/W
macroemulsions for drilling and W/O macroemulsions for
completion.

The need remains for the efficient on location preparation
of thermally stable O/W macroemulsions, W/O macroemul-
sions and W/O microemulsions that exhibit increased stabil-
ity at elevated temperatures in the presence of salt and that
exhibit a reduced tendency toward formation damage.

Itis therefore the primary objective of the present invention
to provide for an efficient preparation of O/W macroemul-
sions, W/O macroemulsions and W/O microemulsions which
exhibit stability at high well operating temperatures.

It is a further object of the present invention to provide for
an efficient preparation of O/W macroemulsions, W/O mac-
roemulsions and W/O microemulsions which exhibit reduced
tendency toward formation damage.

It is a further object of the present invention to provide for
an efficient preparation of O/W macroemulsions, W/O mac-
roemulsions and W/O microemulsions which exhibit an
increased tolerance to saline environments.

It is a further object of the present invention to provide for
an efficient preparation of O/W macroemulsions, W/O mac-
roemulsions and W/O microemulsions by providing for sur-
factant mixture additives which accomplish the above objects
of the present invention in terms of efficient on location
preparation, thermal stability, saline tolerance and reduced
formation damage.

It is a further object of the present invention to provide for
versatile O/W macroemulsions, W/O macroemulsions and
W/O microemulsions which may be employed in high-depth
wells, such as marine bottom wells to low-depth wells.

It is a further object of the present invention to provide for
cost effective O/W macroemulsions, W/O macroemulsions
and W/O microemulsions.

Other objects and advantages of the present invention will
appear below.

SUMMARY OF THE INVENTION

According to the present invention, the foregoing objects
and advantages have been attained.

According to the invention, a method for preparing a ther-
mally stable well servicing fluid in the form of an O/W mac-
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roemulsion, a W/O macroemulsion and a W/O microemul-
sion at the well drilling location is provided. The servicing
fluid is prepared by mixing a hydrocarbon phase, a water
phase, and a surfactant phase which comprises a first surfac-
tant and/or a second surfactant. The phases are mixed to
obtain either an O/W macroemulsion, a W/O macroemulsion
or a W/O microemulsion. The first surfactant additive com-
prises a fatty acid mixture and a hygroscopic first additive.
The second surfactant additive comprises a C4-C6 alcohol.

In accordance with the invention, whether or not an O/W
macroemulsion or a W/O macroemulsion is produced is
determined by the concentration of the first additive, wherein
at least 0.25% by weight (w/w) of the first additive is used to
obtain an O/W macroemulsion and less than about 0.13%
w/w of the first additive is introduced to obtain a W/O mac-
roemulsion.

In further accord with the invention, whether or not a W/O
microemulsion is produced is determined by the timing the
phases are introduced to the mixture and the concentrations of
the first additive and the second surfactant, wherein at least
2% w/w of the first additive is introduced after the hydrocar-
bon phase and about 13% w/w of the fatty acid are mixed for
atime of about 1 to 5 minutes, during continuous stirring, the
water phase comprising at least 0.5% w/w to 2% w/w potas-
sium chloride (KCl) is then introduced to the mixture fol-
lowed by at least 4% w/w to about 4.7% w/w of the second
surfactant in order to obtain a W/O microemulsion.

In further accordance with the invention, the thermally
stable well servicing fluids in the form of an O/W macroemul-
sion at the well drilling location have been found to exhibit
enhanced thermal stability up to about 350° F. and enhanced
saline stability up to 5% w/w potassium chloride (KCl).

In further accordance with the invention, the thermally
stable well servicing fluids in the form of a W/O macroemul-
sion at the well drilling location have been found to exhibit
enhanced thermal stability up to about 280° F. and enhanced
saline stability up to 2% w/w potassium chloride (KCl).

In further accordance with the invention, the thermally
stable well servicing fluids in the form of'a W/O microemul-
sion at the well drilling location have been found to exhibit
enhanced thermal stability up to about 250° F. and enhanced
saline stability up to 2% w/w potassium chloride (KCl).

BRIEF DESCRIPTION OF THE DRAWINGS

A detailed description of preferred embodiments of the
invention follows, with reference to the attached drawings,
wherein:

FIG. 1 schematically illustrates a method of forming the
O/W macroemulsion of the present invention;

FIG. 2 schematically illustrates a method of forming the
W/O macroemulsion of the present invention;

FIG. 3 schematically illustrates a method of forming the
W/O microemulsion of the present invention;

FIG. 4 schematically illustrates a method of forming either
the O/W macroemulsion, the W/O macroemulsion or the
W/O microemulsion at the drill location; and

FIG. 5 graphically depicts the static stability as a function
of'salinity, time and temperature of the O/W macroemulsion.

DETAILED DESCRIPTION

The invention relates to an efficient and cost effective
method for preparing thermally stable well servicing fluids in
the form of an O/W macroemulsion, a W/O macroemulsion
or a W/O microemulsion wherein the method is carried out at
the location where the emulsion is to be used, for example at
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a well to be treated with the emulsion, and more specifically
at a well drilling location. The emulsions are created through
the introduction of a surfactant phase comprising a first and/or
second surfactant additive which will be discussed below.
The additives may be used in varying concentrations to create
an O/W macroemulsion, a W/O macroemulsion or a W/O
microemulsion, each of which may be used advantageously
in preparing well servicing fluids such as drilling muds, work-
over fluids, rehabilitation fluids, completion fluids, perfora-
tion fluids and the like.

In accordance with the invention, thermally stable well
servicing fluids are provided having a fluid portion in the form
of an oil-in-water macroemulsion, i.e. an emulsion of oil
droplets in a dispersed water phase, a fluid portion in the form
of a water-in-oil microemulsion or macroemulsion, i.e. emul-
sions of differing sized water droplets in a dispersed oil phase,
and further including surfactant additives having specific
concentrations and preparation parameters which have been
found in accordance with the present invention to produce an
O/W macroemulsion, a W/O macroemulsion or a W/O micro-
emulsion with increased stability at elevated temperatures.

The first surfactant additive can include an ionized mixture
of the fatty acid and a hygroscopic material such as monoet-
hanolamine (MEA) and/or potassium hydroxide alkalines
(KOH).

The second surfactant additive can include any C4 to C6
alcohol such as butanol, pentanol and hexanol.

Referring to FIG. 1, a schematic illustration of a method of
forming an O/W macroemulsion of the present invention is
provided. As shown, emulsion mixing tank 40 receives the
phases to be mixed, in this instance a solution 43 which
incorporates the water phase 10, the hydrocarbon phase 12,
and the first surfactant which includes an ionized mixture of
fatty acid 14, and monoethanolamine (MEA) and/or potas-
sium hydroxide alkalines (KOH) 16. Mixing tank 40 may be
any appropriate mixing receptacle used within the art, such as
a mixing tank, a mixing truck, etc.

Arrow 38 represents the speed in which the emulsion is
mixed. This emulsion embodiment, an O/W macroemulsion,
can be mixed at a speed of about 5000 to about 8000 rpm. The
water phase 10 maybe any suitable water. The hydrocarbon
phase 12 may be any suitable oil, such as mineral oil or fuel
oil. The hydrocarbon phase is preferably paraffinic oil also
known as VASSA™ [P Serie oils produced by Aceites y
Solventes Venezolanos, S. A. VASSA. In the embodiment
where the first surfactant incorporates a fatty acid mixture 14
ofany C16-C22 fatty acid, the fatty acid concentration can be
added to the O/W macroemulsion in the amount of about
1.0% w/w to about 2% w/w, preferably 1.5% w/w. Any suit-
able C12-C22 fatty acid may be used, preferably tall oil fatty
acid (TOFA). The first surfactant also incorporates monoet-
honalamine (MEA) and/or potassium hydroxide alkalines
(KOH) 16.

An O/W macroemulsion is created in FIG. 1 through the
addition of MEA and/or KOH in solution 43 in the amount of
about 0.25 to about 1.2% w/w. Solution 43 containing the
water phase 10, the hydrocarbon phase 12, the fatty acid
mixture 14, and the MEA and/or KOH 16 can be stirred 38 at
an rpm of about 5000 to about 8000 by stirring device 42 for
atleast 10 minutes 50. The stirring device may be any stirring
device that is well known within the art that will successfully
mix the volume of emulsion that is desired at a rpm of about
5000 to about 8000. Arrow 50 represents a mixing time of at
least 10 minutes.

Following the above procedure in a system as schemati-
cally illustrated in FIG. 1, a stable O/W macroemulsion 44 is
created. O/W macroemulsion 44 includes a continuous water
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phase 10 and a hydrocarbon/first surfactant 20 dispersed
through the continuous water phase 10. The hydrocarbon/first
surfactant 20 is a mixture of the hydrocarbon phase 12, the
fatty acid mixture at a concentration of about 1.0% w/w to
about 2% w/w 14, and the MEA and/or KOH 16. The hydro-
carbon/first surfactant 20 are about 1 pm to about 10 pm sized
droplets dispersed within the water phase 10.

Table 1 details the formation of the O/W macroemulsion
droplet size as the concentration of MEA is varied from
0.25% wiw to 0.5% wiw.

TABLE 1

% MEA (w/w) Mean Droplet

% TOFA (w/w) (0% KCl) Type of emulsion  Diameter (micron)
1.5 0.25 O/W 10.0
0.3 O/W 8.6
0.4 O/W 5.4
0.5 O/W 35

The O/W macroemulsions of Table 1 were formulated with
aratio of oil:water of 70:30 w/w, with diesel oil as the hydro-
carbon phase and with tallow fatty acid as the fatty acid phase.

Table 1 illustrates that the formation of the O/W macro-
emulsion with a concentration of 0.5% w/w MEA yields the
smallest diameter droplet.

In Table 2, the O/W macroemulsion containing MEA at a
concentration of 0.5% w/w with a mean droplet diameter of
3.5 um was used to test the stability of the O/W macroemul-
sion at varying KCl salinities.

TABLE 2
% TOFA % KCI (w/w) Type of Mean Droplet
(w/w) (0.5% MEA) macroemulsion  Diameter (micron)
1.5 0.5 O/W 2.21
1.0 O/W 5.19
1.5 O/W 7.25
2.0 O/W 9.98
3.0 O/W 10.04
4.0 O/W 9.95
5.0 O/W 10.00

Table 2 indicates that the O/W macroemulsion of the
present invention will form and is stable up to a salinity
concentration of about 5.0% w/w KCL.

Referring to FIG. 2, a schematic illustration of a method of
forming a W/O macroemulsion of the present invention is
provided. As shown, in this method emulsion mixing tank 40
receives a solution 45 which incorporates the water phase 10,
the hydrocarbon phase 12, the fatty acid 14 and the MEA ata
concentration ofless than 0.13% w/w 18. Mixing tank 40 may
be any appropriate mixing receptacle used within the art, such
as a mixing tank, a mixing truck, etc. Arrow 38 represents the
speed in which the emulsion is mixed. This emulsion embodi-
ment can be mixed at a speed of about 5000 to about 8000
rpm. The water phase 10 may be any suitable water. The
hydrocarbon phase 12 may be any suitable oil, such as min-
eral oil or fuel oil. The hydrocarbon phase is preferably par-
affinic oil also known as VASSA™ oil. The fatty acid mixture
14 may be any C16-C22 fatty acid. The fatty acid concentra-
tion is added to the emulsion in the amount of about 1.5% w/w
to about 2% w/w. Any suitable C12-C22 fatty acid may be
used, preferably tall oil fatty acid.

After the water phase 10, hydrocarbon phase 12, the fatty
acid mixture 14 and the MEA at a concentration of less than
0.13% w/w 18 are added to mixing tank 40 in FIG. 2, the
solution 45 is stirred by stirrer 42 at an rpm of about 5000 to
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about 8000 38 for at least 10 minutes 54. After solution 45 is
stirred by stirrer 42 at an rpm of about 5000 to about 8000 38
for at least 10 minutes.

Following this method as schematically illustrated in FIG.
2, a stable W/O macroemulsion 47 was created. W/O macro-
emulsion 47 includes a continuous hydrocarbon phase/first
surfactant 28 and a water phase 24 dispersed through the
continuous hydrocarbon phase/first surfactant 28. The hydro-
carbon phase/first surfactant 28 is a mixture of the hydrocar-
bon phase 12, the fatty acid mixture 14, and the MEA at a
concentration of less than 0.13% w/w 18. The water phase 24
is about 1 pm to about 10 um sized droplets suspended within
the hydrocarbon phase/first surfactant 28.

Table 3 details the formation of the W/O macroemulsion
droplet size as the concentration of MEA is varied from
0.067% w/w to 0.2% w/w in the presence of about 0.5% w/w
KCL

TABLE 3

Macroemulsion
formulation %

MEA (w/w), Type of Mean Droplet
% TOFA (w/w) (0.5% w/w KCl) macroemulsion Diameter (micron)
1.5 0.067 Ww/O 2-3
0.1 Ww/O 2-3
0.13 Ww/O 2-3
0.167 Ww/O 2-3
0.2 Ww/O 2-3

The W/O macroemulsions of Table 3 were formulated with
a ratio of oil:water of 70:30 w/w, with paraffinic oil as the
hydrocarbon phase and with tallow fatty acid as the fatty acid
phase.

Table 3 illustrates that the formation of the W/O macro-
emulsion with a concentration interval of between 0.067%
w/w to 0.2% w/w MEA yields a W/O macroemulsion with
predominantly the same sized small diameter droplets that are
stable in a 0.5% w/w KCl environment. Further testing has
indicated that the W/O macroemulsion is stable up to about
2% wi/w KCL environment.

Referring to FIG. 3, a schematic illustration of a method of
forming a W/O microemulsion of the present invention is
provided. As shown, following this method, emulsion mixing
tank 40 receives a solution 100 which incorporates the hydro-
carbon phase 12 and the fatty acid 14. Mixing tank 40 may be
any appropriate mixing receptacle used within the art, such as
a mixing tank, a mixing truck, etc. Arrow 150 represents the
speed in which the emulsion is mixed. This emulsion embodi-
ment can be mixed at a speed of about 400 to about 500 rpm.
The hydrocarbon phase 12 may be any suitable oil, such as
mineral oil or fuel oil. The hydrocarbon phase is preferably
fuel oil, such as diesel. The fatty acid mixture 14 may be any
C16-C22 fatty acid. The fatty acid concentration is added to
the emulsion in the amount of about 10% w/w to about 14%
w/w. Any suitable C12-C22 fatty acid may be used, prefer-
ably tall oil fatty acid.

After the hydrocarbon phase 12 and the fatty acid mixture
14 are added to mixing tank 40 in FIG. 3, the solution 100 is
stirred by stirrer 42 at an rpm of about 400 to about 500 150
for at least 3 to 5 minutes 106. After solution 100 is stirred by
stirrer 42 at an rpm of about 400 to about 500 150 for at least
3 to 5 minutes, while continuously stirring, MEA at a con-
centration of at least 2% w/w to about 2.7% w/w 120 is added
to solution 100.

Intermediate mixture 101 containing the hydrocarbon
phase 12, the fatty acid mixture 14 and the first additive 120
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6
are continually stirred by stirrer 42 at an rpm of about 400 to
about 500 150 for at least another 1 to 3 minutes 107 before
the water phase containing a concentration of at least 0.5%
wiw 10 2.0% w/w KC1 122 is added to solution 101.
Table 4 details the KCI concentration of the W/O micro-
emulsion water phase.

TABLE 4
% H,0 (W/w) % KCl (wiw) *TURBIDITY (NTU)

10 0.50 437
10 1.00 3.82
20 6.2
30 198
10 1.50 497
20 9.51
30 104
40 18.8
10 2.00 5.34
20 742
30 193
40 13

*Turbidity is a measurement to determine the transparency of an emulsion. NTU, i.e.
Nephelometric Turbidity Units, are used to measure the transparency of the emulsion.

A microemulsion is measured by its transparency and has
aturbidity of less than or equal to 200 NTU. Table 4 indicates
that since all resultant values of turbidity are lower than 200
NTU, the W/O microemulsion of the present invention can be
formed in a varying interval of salinity, 0.5% w/w to 2% w/w
KCl, and a varying volume of water, 10% w/w to 40% w/w.

Returning to FIG. 3, creation of an intermediate dispersion
102 containing large water phase droplets 130 dispersed
within a continuous solution of hydrocarbon phase/first sur-
factant 140 is shown. The hydrocarbon phase/first surfactant
140 is a mixture of the hydrocarbon phase 12, the fatty acid
mixture 14, and the MEA at a concentration of at least 2%
w/w 18. After intermediate dispersion 102 is continually
stirred by stirrer 42 at an rpm of about 400 to about 500 150
for at least another 1 to minutes 108 a second surfactant at a
concentration at least about 4% w/w to about 4.7% w/w 124
is added to solution 102. The second surfactant may be any
C4-C6 alcohol, such as butanol, pentanol and hexanol.

Intermediate emulsion 103 containing smaller water phase
droplets 132 dispersed within a continuous solution of hydro-
carbon phase/first surfactant/second surfactant 144 is created
in FIG. 3. The hydrocarbon phase/first surfactant/second sur-
factant 144 is a mixture of the hydrocarbon phase 12, the fatty
acid mixture 14, the MEA at a concentration of at least 2%
w/w 18 and a C4-C6 alcohol at a concentration of at least 4%.
Intermediate emulsion 103 is continually stirred for at least 5
minutes 109 by stirrer 42 at an rpm of about 400 to about 500
150.

Following the above method and using a system as sche-
matically illustrated in FIG. 3, a stable W/O microemulsion
104 is created. W/O microemulsion 104 includes a continu-
ous hydrocarbon phase/first surfactant/second surfactant 146
and water phase droplets 148 dispersed through the continu-
ous hydrocarbon phase/first surfactant/second surfactant 146.
The hydrocarbon phase/first surfactant/second surfactant 146
is a mixture of the hydrocarbon phase 12, the fatty acid
mixture 14, the MEA at a concentration of at least 2% w/w 18
and a C4-C6 alcohol at a concentration of at least 4%. The
water phase droplets 148 are about 100 A to about 700 A
(Angstrom) sized droplets suspended within the hydrocarbon
phase/first surfactant/second surfactant 146.

Referring to FIG. 4, schematic illustration of one method
of'forming W/O macroemulsions, O/W macroemulsions and/
or W/O microemulsions according to the present invention, at
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the well drilling location, is provided. As shown emulsion
mixing tank 40 is located at the well drilling site and can be
attached to the well 90 by servicing pipe 82. The mixing tank
40 is separated from the well servicing pipe by valve 80. As
stated above, mixing tank 40 may be any suitable mixing
receptacle, such as a truck, a tank etc., that is well known
within the art. Servicing pipe 82 may be any device, pipe or
method of transportation that is suitable for the transport of
well servicing fluids to the well. Valve 80 may be any suitable
valve for controlling the flow of fluids.

FIG. 4 by way of example shows six separate containers
housing the emulsion constituents of the present invention.
Housing or source 60 contains the hydrocarbon phase, source
62 contains the fatty acid mixture, source 64 contains the
MEA and/or KOH, source 67 contains the C4-C6 alcohol,
source 63 contains the KCl and source 66 contains the water.
The desired amounts and concentrations of the hydrocarbon
phase, the fatty acid mixture, the MEA and/or KOH, the KCl,
the C4-C6 alcohol and the water depend upon the phase (O/W
or W/O) of the macro or micro emulsion to be made and the
volume of emulsion to be made.

The O/W macroemulsion created may contain a ratio of
oil:water in the range of about 70:30 w/w, about 60:40 w/w
and about 50:50 w/w. The W/O macroemulsion created may
contain a ratio of oil:water in the range of about 60:40 w/w,
about 70:30 w/w, about 80:20 w/w and about 90:10 w/w. The
W/O microemulsion created may contain a ratio of oil:water
in the range of about 60:40 w/w, about 70:30 w/w, about
80:20 w/w and about 90:10 w/w. To obtain the O/W or W/O
macroemulsions, the fatty acid mixture is added at a volume
that will produce a resultant well servicing fluid fatty acid
concentration of about 1% w/w to about 2% w/w. To obtain
the W/O microemulsion, the fatty acid mixture is added at a
volume that will produce a resultant well servicing fluid fatty
acid concentration of about 10% w/w to about 14% w/w. The
MEA and/or KOH is also added at a volume dependent upon
which phase of emulsion that is to be created. If an O/W
macroemulsion is to be created MEA and/or KOH is added at
a volume that will produce a resultant well servicing fluid
MEA and/or KOH concentration of about 0.25% w/w to
about 1.2% w/w. If a W/O macroemulsion is to be created,
MEA is added at the correct time throughout the procedure at
a volume that will produce a resultant well servicing fluid
MEA concentration of less than 0.13% w/w. If a W/O micro-
emulsion is to be created MEA is added at the correct time at
a volume that will produce a resultant well servicing fluid
MEA concentration of about 2% w/w to about 2.7% w/w. The
water phase of the emulsions is added at a volume that will
produce a resultant well servicing fluid water phase concen-
tration of the ratios presented above. The C4-C6 alcohol
phase is added to the W/O microemulsion at a volume that
will produce a resultant well servicing fluid C4-C6 alcohol
concentration of at least 4% w/w.

The schematic of FIG. 4 will be illustrated by the following
examples:

EXAMPLE 1

To create an O/W macroemulsion, water from source 66 is
added by any method 76 which is well known within the art to
mixing tank 40, hydrocarbon from source 60 is added by any
method 68 which is well known within the art to mixing tank
40, the fatty acid mixture from source 62 is added at a con-
centration in the amount of about 1% w/w to about 2% w/w by
any method 70 which is well known within the art to mixing
tank 40, and the MEA and/or KOH from source 64 is added at
a concentration in the amount of about 0.25% w/w to about
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1.2% w/w by any method 74 which is well known within the
art to mixing tank 40. Mixing tank 40 containing the water
phase, the hydrocarbon phase, the fatty acid mixture at a
concentration of about 1% w/w to about 2% w/w, and the
MEA and/or KOH is stirred (see arrow 38) at an rpm of about
5000 to about 8000 by stirring device 42 for at least 10
minutes. A stable O/W macroemulsion is created in mixing
tank 40 which includes a continuous water phase and a hydro-
carbon phase/first surfactant of about 1 to about 10 um sized
droplets dispersed within the continuous water phase. Once
the desired O/W macroemulsion is created control valve 80 is
opened releasing the emulsion into well servicing fluid pipe
82 which transports the O/W macroemulsion to well 90.

EXAMPLE 2

To create a W/O macroemulsion, water from source 66 is
added by any method 76 which is well known within the art to
mixing tank 40, hydrocarbon from source 60 is added by any
method 68 which is well known within the art to mixing tank
40, the fatty acid mixture from source 62 is added at a con-
centration in the amount of about 1.5% w/w to about 2% w/w
by any method 70 which is well known within the art to
mixing tank 40, and MEA from source 64 is added at a
concentration in the amount of less than 0.13% w/w by any
method 74 which is well known within the art to mixing tank
40. The contents of mixing tank 40 are stirred by stirrer 42 at
an rpm 38 of about 5000 to about 8000 for at least 10 minutes.
A stable W/O macroemulsion is created which includes a
continuous hydrocarbon phase/first surfactant and a water
phase of about 1 to about 10 um sized droplets dispersed
through the continuous hydrocarbon phase/first surfactant.
Once the desired W/O macroemulsion is created control
valve 80 is opened releasing the emulsion into well servicing
fluid pipe 82 which transports the W/O macroemulsion to
well 90.

EXAMPLE 3

To create a W/O microemulsion, hydrocarbon from source
60 is added by any method 68 which is well known within the
art to mixing tank 40 and the fatty acid mixture from source
62 is added at a concentration in the amount of about 10%
w/w to about 14% w/w by any method 70 which is well
known within the art to mixing tank 40. The contents of
mixing tank 40 are stirred by stirrer 42 at an alternate rpm, see
arrow 39, of about 400 to about 500 for at least 3 to 5 minutes.
After the solution is stirred by stirrer 42 at an rpm of about 400
to about 500 39 for at least 3 to 5 minutes, MEA from source
64 is added during continuous stirring at a concentration in
the amount of about 2% w/w to about 2.7% w/w by any
method 74 which is well known within the art to mixing tank
40. After the solution is stirred by stirrer 42 at an rpm of about
400 to about 500 39 for at least another 1 to 3 minutes, water
from source 66 is mixed with continuous stirring at a concen-
tration of about 10% w/w to 40% w/w. KCl is added by any
method 76 which is well known within the art from source 63
at a concentration of about 0.5% w/w to about 2.0% w/w. The
KCl is added to the water from source 66 by any method 65
which is well known in the art to create a KCl/water phase 71
that is added by any method that is well known within the art
to mixing tank 40. After mixing tank 40 is continuously
stirred by stirrer 42 at an rpm of about 400 to about 500 39 for
at least an additional 1 to 5 minutes, during continuous stir-
ring, C4-C6 alcohol from source 67 at a concentration of at
least 4% is added by any method which is well know within
the art 69 to mixing tank 40. Mixing tank 40 continues to be
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stirred by stirrer 42 at an rpm of about 400 to about 500 39 for
at least an additional 5 minutes.

A stable W/O microemulsion is created which includes a
continuous hydrocarbon phase/first surfactant/second surfac-
tant and a water phase of about 100 A to about 700 A sized
droplets dispersed throughout the continuous hydrocarbon
phase/first surfactant/second surfactant. Once the desired
W/O microemulsion is created, control valve 80 is opened
releasing the emulsion into well servicing fluid pipe 82 which

10

established by storing the O/W macroemulsion containing
MEA at a concentration of 0.5% w/w for 15 days at 40° C.

The W/O macroemulsion showed a stability in saline envi-
ronments of up to a concentration of about 2% w/w KCl, and
the W/O microemulsion showed a high degree of stability in
saline environments of up to a concentration of about 2% w/w
KCl, see Table 4.

The dynamic stability of the emulsions of the present

transports the W/O microemulsion to well 90. 10 invention weretested by exposure to continuous low intensity
The discussion of FIG. 4 refers to sources of various start- rotary movement while aging the emulsion at high tempera-
ing materials. These sources can be pipes or other flow con- tures for a period of 16 hours. Analysis of droplet diameters
duits for providing a flow of the ingredients, or they can also and rheologic behavior are made at time zero through time 16
be vats, tanks or other containers of the relevant fluid or hours.
liquid. 15 Table 5 shows the dynamic stability of the O/W macro-
These vats or tanks containing the emulsion constituents emulsion as a function of time, temperature and KCl concen-
may be located on the well drilling site. It is understood that tration.
TABLE 5
T =200°F. T=250°F. T =300°F. T=350°F.
BA* AA* BA AA BA AA BA
% KCl *Dg Dg Dg Dg Dg Dg Dg AA
(w/w)  (micron) (micron) (micron) (micron) (micron) (micron) (micron) Dg (micron)
0.5 2.21 2.26 2.72 3.18 2.14 25 2.36 3.39
1.0 5.19 6.44 4.73 5.19 4.57 248 4.41 1.54
15 7.25 7.93 7.93 7.83 6.77 2.09 7.21 1.61
2.0 12.70 13.97 12.56 13.2 11.66 4.19 9.94 8.15
3.0 10.04 10.18 9.94 11.67 11.47 273 10.2 unstable
4.0 9.95 2.8 11.13 22.29 10.04 3.39 9.87 unstable
5.0 10.86 7.43 10.61 20,97 1056  unstable  10.3 unstable
*BA: Before aging
*AA: After aging
*Dg: Diameter of drop
. . . . 35 . .
the schematic method illustrated in FIG. 4 is an example of a The O/W macroemulsion of Table 5 was formulated with a
method employed to create the O/W macroemulsion, the ratio of oil:water o£30:70 w/w, with 0.5% w/w MEA and with
W/O macroemulsion and the W/O microemulsion at the well 1.5% w/w tallow fatty acid as the fatty acid phase. The dura-
drilling site. Alternate methods of creating the emulsions of ~ tionofthe testin Table 5 was 16 hours ata pressure of 150 psi.
this invention on the well drilling site may be employed. For 40  Theresultsof Table 5 show that the O/W macroemulsion of
instance, the emulsion constituents may be housed in vats and the present invention is stable in a dynamically large tempera-
. . . . . . i o
mixed in a well servicing truck or the emulsion constituents ture range and salinity. At a temperature of 200° F. further
may be directly piped into a mixing tank that is connected to testing reveale.:d. that the O/ W macroemulsion of the present
the well. The emulsions of the present invention may be invention exhibited a formation damage of 3.95% when the
. tests were run with crude oil properties of 11° API and a
prepared on the location of use, such as on the well to be 45 o1 o11s
e . permeability of 250 mD (millidarcy).
treated on the drilling site, by any method that is well known . .
ithin the chemical. soluti 4 well drilling art Therefore, the O/W macroemulsion of the present inven-
within the chemical, sotution and well drifling arts. tion shows a high thermal stability of up to about 350° F., a
The emulsions prepared in this invention showed excellent formation damage of less than about 4% under dynamic well
properties as well servicing rehabilitation fluids, completion . conditions including downhole well pressures and high sta-

fluids and perforation fluids. As shown in Table 2 and FIG. 5,
the O/W macroemulsion exhibits a high degree of stability in
saline environments of up to a concentration of about 5% w/w
potassium chloride (KCl). The results plotted in FIG. 5 were

bility in the presence of varying saline concentrations.

Table 6 shows the dynamic stability of the W/O macro-
emulsion as a function of time, temperature, KCI concentra-
tion and MEA concentration

TABLE 6

W/O Macroemulsion
with 1.5% w/w

Temperature of Aging (° F.)

TOFA & 0.5% w/w 250°F 280° F.
KCl *Dg (micron) Dg (micron)  Dg(micron)  Dg (micron)
% MEA (w/w) Before Aging After aging  Before aging  After aging
0.067 2-3 2-3 2-3 2-3
0.1 2-3 2-3 2-3 2-3
0.13 2-3 2-3 2-3 2-3
0.167 2-3 Reversed 2-3 Reversed O/W



US 9,109,151 B2

11
TABLE 6-continued
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W/O Macroemulsion

with 1.5% w/w Temperature of Aging (° F.)

TOFA & 0.5% w/w 250°F 280°F.
KCl *Dg (micron) Dg (micron)  Dg(micron)  Dg (micron)
% MEA (w/w) Before Aging After aging  Before aging  After aging
o'W macroemulsion
macroemulsion (8.5 micron)
7.5
micron)
0.2 2-3 Reversed 2-3 Reversed O/W
o'W macroemulsion
macroemulsion (7.4 micron)
8.5
micron)

*Dg: Diameter of drop

The W/O macroemulsion of Table 6 was formulated with a
ratio of oil:water of 30:70 w/w and with 1.5% w/w tallow
fatty acid as the fatty acid phase in the presence of 0.5% KCI.
The duration of the test in Table 6 was 16 hours at a pressure
of 150 psi.

The results of Table 6 show that the W/O macroemulsion of
the present invention is dynamically stable within the MEA
concentration of 0.067% w/w to 0.13% w/w. The W/O mac-
roemulsion is dependent upon the MEA concentration. After
aging, if the MEA concentration is between 0.13% w/w and
0.167% w/w the emulsion will reverse to an O/W macroemul-
sion.

Table 6 also shows that the W/O macroemulsion of the
present invention has a high thermal stability of up to 280° F.
Further testing also reveals that the W/O macroemulsion of
the present invention exhibits a formation damage of 6.45%
when the tests were run with crude oil of 11° API and a
permeability of 250 mD.

Therefore, the W/O macroemulsion of the present inven-
tion shows a high thermal stability of up to about 280° F., a
formation damage of less than about 7% under dynamic well
conditions including downhole well pressures and high sta-
bility in the presence of up to about 2% w/w saline concen-
trations.

Table 7 shows the dynamic stability of the W/O micro-
emulsion as a function of time, temperature, KCI concentra-
tion and water volume.

TABLE 7
Temperature of Aging (° F.)
180 250
Turbidity Turbidity
(NTU) Turbidity Turbidity (NTU)
% H,0 %KCl Before (NTU) (NTU) After
(w/w)  (wiw) Aging After Aging  Before Aging Aging
10 0.5 3.61 4.75 3.31 5.59
10 1 451 4.64 4.42 8.46
20 6.11 9.54 7.28 7.33
30 12.6 16.5 13 15.6
10 1.5 6.01 6.75 5.89 7.19
20 4.78 10.2 8.35 10.1
30 13.2 9.99 13.3 554
40 16 15.2 18.5 18.5
10 2 8.16 7.09 11.1 >1000
20 10.5 61.3 8.87 >1000
30 12.5 858 13.7 >1000
40 9.99 70.9 20.1 250
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The W/O microemulsion of Table 7 was formulated with
59.94% w/w diesel as the hydrocarbon phase, 13.23% w/w of
TOFA as the fatty acid phase, 2.17% w/w MEA as the first
additive, 4.7% hexanol as the second surfactant and 19.96%
w/w water phase with the KCI concentration in the aqueous
solution varying between 0.5% w/w to 2.00% w/w. The dura-
tion of the testin Table 7 was 16 hours at a pressure of 150 psi.

The results of Table 7 show that the W/O microemulsion of
the present invention is dynamically stable in practically all of
the ranges of KCl and water evaluated. The W/O microemul-
sion is only destabilized, i.e. NTU>1000, after high tempera-
ture aging in the 10% w/w to 30% w/w water content and 2%
w/w KCl concentration. At a temperature of 200° F. further
testing revealed that the W/O microemulsion of the present
invention exhibited a formation damage of 2.9% with 40%
w/w water and 2% w/w KCl] when the tests were run with
crude oil of 11° API and a permeability of 250 mD.

Therefore, the W/O microemulsion of the present inven-
tion shows a high thermal stability of up to 250° F., a forma-
tion damage of less than about 3% under dynamic well con-
ditions including downhole well pressures and high stability
in the presence of varying water volumes and saline concen-
trations.

The on site preparation of well servicing fluids that are
O/W macroemulsions, W/O macroemulsions or W/O micro-
emulsion by varying the parameters of the formulation con-
stituents and the method of making the emulsion eliminates
the need to purchase, transport and store large quantities of
prefabricated O/W and W/O well servicing fluids. The com-
ponents of the present invention, the water phase, the hydro-
carbon phase, and the surfactant phase are easily stored and
readably accessible at the well drilling location. Since the
creation of these well servicing fluids depends upon the con-
centration of the surfactant phases, the saline concentration of
the water phase, and the preparation procedures employed,
preparation of the emulsions on site can be on an as needed
basis. Furthermore, the use of a single mixing tank to create
the formulation emulsion desired results in an efficient switch
between the creation of differing well servicing fluids, i.e.
O/W macroemulsions, W/O macroemulsions and W/O
microemulsions.

It is to be understood that the invention is not limited to the
illustrations described and shown herein, which are deemed
to be merely illustrative of the best modes of carrying out the
invention, and which are susceptible of modification of form,
size, and arrangement of parts and details of operation. The
invention is intended to encompass all such modifications
which are within its spirit and scope as defined by the claims.
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What is claimed is:
1. A method for selectively preparing different types of
emulsions, comprising of the steps of:
communicating a mixing tank with a source of each of a
hydrocarbon phase, a water phase, a fatty acid mixture,
a first additive and a second additive;

determining a selected emulsion to prepare selected from
the group consisting of oil-in-water (O/W) macroemul-
sions, water-in-oil (W/O) macroemulsions and water-in-
oil (W/O) microemulsions; and
if the selected emulsion is the oil-in-water (O/W) macro-
emulsion, mixing the hydrocarbon phase, the water
phase and a surfactant comprising the fatty acid mixture
ionized with at least 0.25% w/w of the first additive in
the mixing tank to form the oil-in-water (O/W) macro-
emulsion, wherein the mixing step is carried out at a
mixing speed of between about 5,000 rpm and about
8,000 rpm for at least 10 minutes; and

if the selected emulsion is the water-in-oil (W/O) macro-
emulsion, mixing the hydrocarbon phase, the water
phase, and a surfactant comprising the fatty acid mixture
ionized with less than 0.13% w/w of the first additive in
the mixing tank to form the water-in-oil (W/O) macro-
emulsion, wherein the mixing step is carried out at a
mixing speed of between about 5,000 rpm and about
8,000 rpm for at least 10 minutes; and

if the selected emulsion is the water-in-oil (W/O) micro-
emulsion, mixing the hydrocarbon phase, the water
phase, a first surfactant comprising the fatty acid mixture
ionized with at least 2% w/w of the first additive and a
second surfactant comprising at least about 4% w/w of
the second additive to form the water-in-oil (W/O)
microemulsion, wherein the mixing step is carried out at
amixing speed of between about 400 rpm and about 500
rpm and wherein the communicating step communi-
cates the mixing tank with all ingredients to make each
of the oil-in-water (O/W) macroemulsion, water-in-oil
(W/O) macroemulsion and water-in-oil (W/O) micro-
emulsion, and wherein the selected emulsion is the
water-in-oil (W/O) microemulsion, and wherein the
mixing step comprises:

mixing the hydrocarbon phase and the fatty acid mixture

for a time of at least 3 to 5 minutes;

adding at least 2% to about 2.7% w/w of the first additive;

mixing the hydrocarbon phase, the fatty acid and the first

additive for a time of at least 1 to 3 minutes;

adding the water phase;

mixing the hydrocarbon phase, the fatty acid, the first addi-

tive and the water phase for a time of at least 1 to 5
minutes; and

adding at least about 4% w/w of a second surfactant to

produce the water-in-oil (W/O) microemulsion.

2. The method of claim 1, wherein the hydrocarbon phase
comprises mineral oil, paraffinic oil, fuel oil and mixtures
thereof.

3. The method of claim 1, wherein the water phase com-
prises up to 2% w/w potassium chloride (KCl).

4. The method of claim 1, wherein the water phase com-
prises between about 0.5% w/w and 2% w/w potassium chlo-
ride (KCI).

5. The method of claim 1, wherein the fatty acid mixture
comprises C16-C22 fatty acids and mixtures thereof.

6. The method of claim 1, wherein the fatty acid mixture is
tall oil fatty acid (TOFA).

7. The method of claim 1, wherein the concentration of the
fatty acid mixture is about 1.0% w/w to about 2% w/w.
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8. The method of claim 1, wherein the first additive is
hygroscopic.

9. The method of claim 1, wherein the first additive is
selected from the group consisting of monoethanolamine
(MEA) and potassium hydroxide alkalines (KOH).

10. The method of claim 1, wherein the concentration of
the first additive to obtain the O/W macroemulsion is between
0.25% w/w and about 1.2% w/w.

11. The method of claim 10 wherein the first additive is
MEA.

12. The method of claim 1, wherein the O/W macroemul-
sion is stable at a temperature of up to about 350° F., the W/O
macroemulsion is stable at a temperature of up to about 280°
F., and the W/O microemulsion is stable at a temperature of up
to about 250° F.

13. The method of claim 1, wherein the O/W macroemul-
sion exhibits a formulation damage of less than about 4%, the
W/O macroemulsion exhibits a formation damage of less
than about 7%, and the W/O microemulsion exhibits a for-
mation damage of less than about 3%.

14. The method of claim 1, wherein the O/W macroemul-
sion and the W/O macroemulsion produce stable macroemul-
sions having droplets that are from about 1 um to about 10 um
in size, and the W/O microemulsion produces a stable micro-
emulsion having droplets that are from about 100 A to 700 A
in size.

15. The method of claim 1, wherein the O/W macroemul-
sion is stable in an environment of up to about 5% w/w KCl,
the W/O macroemulsion is stable in an environment of up to
about 2% w/w KCl, and the W/O microemulsion is stable in
an environment up to about 2% w/w KCl.

16. The method of claim 1, wherein the W/O macroemul-
sion is stable in an environment of about 0.5% w/w KCl.

17. The method of claim 1, wherein the O/W macroemul-
sion contains a ratio of oil:water in the range of about 70:30
w/w to about 50:50 w/w, the W/O macroemulsion contains a
ratio of oil:water in the range of about 60:40 w/w to about
90:10 w/w and the W/O microemulsion contains a ratio of
oil:water in the range of about 60:40 w/w to about 90:10 w/w.

18. The method of claim 1, wherein the selected emulsion
is the water-in-oil (W/O) microemulsion, and the second
surfactant is a C4-C6 alcohol at a concentration of at least
about 4% w/w to about 4.7% w/w.

19. The method of claim 1, wherein the selected emulsion
is the water-in-oil (W/O) microemulsion, and the first addi-
tive is MEA.

20. The method of claim 1, wherein the selected emulsion
is the water-in-oil (W/O) microemulsion, and the concentra-
tion of the fatty acid mixture is about 10% w/w to about 14%
WIW.

21. The method of claim 1, wherein the emulsion is pre-
pared at a location of use.

22. The method of claim 21, wherein the location of use is
a well to be treated.

23. The method of claim 22, wherein the fatty acid mixture
is tall oil fatty acid.

24. The method of claim 22, wherein the hydrocarbon
phase is diesel.

25. The method of claim 22, wherein the concentration of
the water phase is about 10% w/w to about 40% w/w.

26. The method of claim 25, wherein the water phase
comprises at least 0.5% w/w to 2.0% w/w potassium chloride
(KCD.



